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by Bernadette Schoket,' David H. Phillips,2 Miriam C.
Poirier,3 and lstvan Vincze
32P-Postlabeling analysis andenzyme-linkedimmunosorbentassay (ELISA)havebeenusedtodetect DNAadductsin
peripheral blood lymphocytesfrom primary aluminum production plant workers who wereexposed occupationally to
amixtureofpolycyclicaromatichydrocarbons (PAHs). Preliminary resultsreportedherearefromacomparativestudy
beingperformed intwoaluminumplants. Thelevelsofaromatic DNAadductshavebeendeterminedbythe32P-postlabeling
assay insamplescollected ontwooccasions, 1 yearapart. PAH-DNAadductlevelshavealsobeendeterminedbycompetitive
ELISAinthesecond setofDNAsamples. Theresultsshowthenecessityoffollow-upbiomonitoringstudiestodetectpossible
alterations inbiological effect inducedbychanging exposures. Thecomparisonoftheresultsobtained by32P-postlabel-
ingandELISAmayleadtoabetterunderstanding ofthepowerandweaknessesofthetwomethodsappliedinthesestudies.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) areubiquitous en-
vironmental pollutants that are strongly suspected ofexhibiting
carcinogenic effects inoccupationally exposedpopulations such
as coke oven and iron foundry workers, roofers, and primary
aluminum plant workers (1,2). Manyofthese compounds have
been shown to be metabolized to reactive derivatives that bind
covalently to cellular macromolecules. Because formation of
carcinogen-DNA adducts is considered to be a necessary, ear-
ly step in tumor initiation, monitoring levels of DNA adducts
may contribute to a more reliable risk assessment than deter-
mination ofthe exposure dose only (3).
Among the numerous recent studies on populations occupa-
tionally exposed toPAHs, DNAadductlevels inperipheral blood
lymphocytes from aluminum plant workers have been in-
vestigated onlyby synchronous fluorescence spectrophotometry
(4), and veryrecently in ourlaboratoriesby 32P-posdabeling (5).
This latter study (study 1)hasbeenexpanded toinclude asecond
and larger set of blood samples from workers from the same
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aluminumplants andboth the 32P-postlabeling assay and com-
petitive ELISA have been used for the analysis of the DNA
samples (study2). Preliminary resultsandevaluationofthecom-
parative study are presented here.
Materials and Methods
Instudy 1,bloodsampleswereobtained from46maleworkers
attwoHungarianprimaryaluminumproductionplants and from
29occupationally unexposed individuals. In study2, 172 work-
ers inthesametwoaluminumplants weremonitored 1 yearlater
and the results compared with adduct analyses of 127 samples
fromabloodbankpresumably fromoccupationally unexposed
individuals. Subjects from the aluminum plants represented
variousjob categories. Mean age and length ofemployment of
the workersand age ofthe controls were similar in each group
(data not shown).
Peripheralbloodlymphocytes wereisolated from20to40mL
ofbloodbygradientcentrifugation onFicoll400-Uromirowithin
a few hours after blood was drawn, and DNA was isolated as
described previously (5). Samples ofDNA were analyzed for
aromatic DNA adducts by 32P-postlabeling using nuclease P1
digestiontoenhance sensitivity (5,6). PAH-DNAadducts were
determinedbycompetitive ELISA withfluorescentendpointas
describedpreviously (7)using arabbitantiserumelicitedagainst
DNA modified with benzo[a]pyrene (8).SCHOKETETAL.
Statistical analysis of the data was carried out with Mann-
Whitney Utests forthe 32P-postlabeling studiesandchi-square
tests forthe ELISA study. Results obtainedby "P-postlabeling
andELISA inthe same setofDNAsamples werecompared us-
ing the rank correlation test.
Results
32P-Postlabeling
Autoradiographic patterns of many of the DNA samples
showed characteristic diagonal arrangements ofpartly resolved
or well-resolved spots or a diffuse band ofthe 32P-labeled ad-
ducted nucleoside 3',5 '-bisphosphates, as shown in Figure 1.
FIGURE 1. Characteristic autoradiographic maps of 32P-labeled digests of
DNA from peripheral blood lymphocytes from aluminumproductionplant
workers (a-J) and unexposed controls (g and h). Chromatography was on
PEI-cellulose TLC sheets and autoradiography was at -70'C for 4days.
There was aremarkable similarity inthe mostfrequent typesof
patternsandintherelativemobilityofsomewell-resolvedmain
spots in studies 1 and 2.
Aromatic DNA adduct levels in the occupationally exposed
populationsvaried in a rangeofupto7.1 adducts/108 nucleotides
(study 1) and9.6adducts/108 nucleotides (study2), withdistribu-
tions significantly differentfromnormal (p < 0.05). Theadduct
detection limit was approximately 0.5 adducts/108 nucleotides.
For the samples with no detectable adducts, nominal adduct
levels werecalculated fromtheradioactivities in anaverage-size
diagonal area of the TLC sheets in the region of adduct
migration.
In study 1 there was no significant difference between the
mean DNA adduct levels of the control group and of the in-
dividuals inplant 1. However, the mean DNA adduct level ob-
tained from the blood samples of the workers in plant 2 was
significantly higher (p < 0.001)thanboththatofthecontrolsand
thatofplant 1 (Table 1) (5). One yearlater, instudy2, resultsin-
dicated asignificantelevation (p < 0.001)ofthe mean DNAad-
ductlevelfromworkersinplant 1 ascomparedtothelevel inthe
firststudy. However, the meanDNAadductlevel forworkers in
plant2 wasunchanged (Table 1). Thisfinding wasconfirmedby
acomparisonof2 subgroupsofworkerswhoparticipated inboth
studies 1 and2. The groups included9and 19 individuals from
plants 1 and 2, respectively. The plant 1 workers exhibited a
significantincrease (p < 0.001) in meanlevelsofDNAadducts
from one year to the next, whereas no significant change
occurred (p = 0.17) in theplant 2 subgroup (Table 1). Slightly
elevatedDNAadductlevels wereobserved insmokersfromplant
1 instudy 1 (p < 0.05) (5)butnotinworkersfromthe sameplant
instudy2. Plant2could notbesimilarly evaluatedbecauseofthe
low numberofnonsmoking individuals in that workplace.
ELISA
Study2comprised 104samplesfromplant 1, 23samplesfrom
plant2, and 127samplesfrom abloodbank. PAH-DNAadducts
werealsodeterminedbycompetitiveELISAfromthe sameDNA
Table 1. Levelsofaromatic DNAadducts determined by 32P-postlabeling
and ELISA in peripheral bloodlymphocytes from
aluminumproduction plant workers.
DNA adducts/108 nucleotides (mean ± SD)
Study I Study 2
32P-Postlabeling 32P-Postlabeling ELISA
Aluminum plant 1
Range 0.3 -4.1 0.5 - 9.2 4.0 - 30.0
Alldonors 1.5 ± 1.0 3.1 ± 1.8 8.0 ± 5.2
(25)' (127) (104)
Subgroup 1.3±0.9 4.1±1.9
(19) (19)
Aluminumplant 2
Range 0.4-7.1 0.9-9.6 4.0- 14.6
All donors 3.1 ± 1.7 3.0 ± 1.7 6.4 ± 4.0
(21) (45) (23)
Subgroup 3.4 ± 1.6 2.7 ± 1.2
(9) (9)
Controls
Range 0.2 - 2.4 ND 4.0 - 25.3
All donors 1.3 ± 0.5 5.1 ± 5.0
(29) (127)
ND, notdetermined (analysis inprogress).
'Number ofindividuals inparentheses.
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Table 2. PAH-DNA adducts determined by ELISA in peripheral blood
lymphocytes from aluminum production plant workers.
Group Total Negativea Positive
Plant I 104b 29(28%) 75 (72%)
Plant 2 23 9 (39%) 14 (61%)
Controls 127 80(63%) 47 (37%)
'Fewer than 4.0 adducts/I0O nucleotides.
5Number ofindividuals.
samples used for 32P-postlabeling analysis. Thedetectionlimit
was approximately 0.12 fmole adduct/4g DNA or 4.0 ad-
ducts/Io8 nucleotides inthemajorityoftheassays. Therefore,
samples below this value were considered negative. Whereas
37% ofthecontrol DNAsampleswereoverthedetectionlimit,
72% and 61 % ofthe samples fromplant 1 andplant2, respec-
tively, werepositive (Table2). Thesedifferencesprovedtobe
significant incomparisontothe control group(p < 0.001 and
p < 0.05, respectively), buttherewasessentially nodifference
between workers in the twoaluminumplants (p > 0.1). DNA
adductlevelsrangedashighas0.9fmoleadduct/AgDNAor30
adducts/108nucleotides. MeanDNAadductlevelsareshownin
Table 1. LevelsofDNAadducts inpositivesamplesdemonstrat-
ed no difference between smokers and nonsmokers. Values
were 9.7 ± 3.7 adducts/108 nucleotides for smokers and 11.5
+ 5.3/108 for nonsmokers in plant 1, and 9.3 ± 3.9/108 for
smokers and 10.9 + 5.4/108 for nonsmokers in the control
group.
Discussion
Thetwotechniquesthathavebeenappliedhereforthedetec-
tion ofcarcinogen-DNA adducts are 32P-postlabeling, which
has a broad specificity for aromatic DNA adducts (9), and
ELISA, whichhasbeenshowntodetectDNAadductsofavarie-
ty ofPAHs (10).
The 32P-postlabeling data demonstrate thattheassay is sen-
sitiveenoughforbiomonitoringoccupational PAHexposurein
the primary aluminum industry. In study 1 the significantdif-
ference between the two aluminum plants was primarily at-
tributed toknowndifferences inthedesignofthetechnologyand
higher levels of PAHs in the older plant (plant 2) (5). In the
follow-up study 1 yearlater, asignificantelevationoftheDNA
adduct levels was revealed inthe moremodernplant, whereas
there was noapparentchangeintheolderplant. Thisfindingwas
strengthenedbythecomparisonofsubgroups ofworkers from
each plantwhoparticipated inboth studies. Factorsotherthan
the specific plant technology that may have influenced these
results include sourceandcompositionofanodematerials and
qualitative alterationofthemixtureofairbornePAHs. Analysis
of PAH-DNA adducts by ELISA and 32P-postlabeling have
resulted inthe samemajorconclusions. Significantdifferences
weredemonstratedbetweenunexposedandexposedgroups, and
thetwoexposedgroups werefound tobesimilartoeachother.
Inaddition, neither 32P-postlabeling, norELISAdemonstrated
in smokers and nonsmokers detectable differences in adduct
levels.
Although there was a remarkable agreementbetweenthetwo
DNAadductassays intherecognitionofrelativedifferences on
a group basis, a diversity was found in the corresponding nu-
mericalvaluesonanindividualbasis. Theoveralldetection limit
wasapproximately 8-foldlowerbythe32P-postlabelingassay,
andthe maximum valueswereabout3-fold higherby the anti-
bodyassay. Inspiteofthemuchbroaderadductspecificityofthe
32P-postlabeling technique, meanadductvalueswere2-to3-fold
higher by the immunoassay. By using rank correlation test,
statistical evaluation ofthe positive samples by ELISA and of
theircorresponding 32P-postlabeled pairs indicatedaweakbut
significant correlation between the two methods (rrank =
-0.219; p < 0.05). The diversity may primarily come from
differentlabelingefficienciesofaromatic DNAadductsby "P-
postlabelinganddifferential recognitionofPAH-DNA adducts
by ELISA. Therefore, although thereis inevitably adegree of
uncertainty surroundingabsolutequantitationbyeithermethod,
eachmethodisinternallyconsistent, andstatistically significant
differences in adduct levels betweenexposed groups and con-
trols were clearly demonstrated both by 3"P-postlabeling and
immunoassay.
ThismanuscriptwaspresentedasaposterattheConferenceonBiomonitor-
ing and Susceptibility Markers in Human Cancer: Applications in Molecular
Epidemiology andRiskAssessmentthatwasheldinKailua-Kona, Hawaii, 26
October-I November 1991.
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